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This inventioa relates to ccntrifiigal separation apparatus for separating particulate 
contaminants fiom Uquids, such as «r«ailatiiig lubricating ofl of internal combiistion 
engines, passed through the apparatus to c^ct cleaning, and in particular relates to 
rotor means used within such app^i^ perform the actual separation and 
containment of such contaminants. The invention is more particularly concerned with 
fluid driven separation apparatus and a rotor therefor wherein the rotor inchides a 
container vessel that is rotated at high speed by a limited motive fince derived ftom a 
fluid such as- the liquid itself and even more particularly concerned with such 
separation appaKHos having a rotor of the so-caUed open-vessel type discussed in 
more detail hereinafter. 
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The advantages of ccntrifug?! separation in mternal combustion engine oil filtration is 
well documented ja the art. although requirements for modem engines to cater for 
longer service intervals by ensuring ofQcient removal of anall particles produced 
throughout the interval hy comhustion products (sometimes refotied to as soot) place 
conflicting constraints upon such separation apparatus, particularly in respect of 
requiring vexy high speeds fiom a limitBd source of rotor motive power is, such as the 
liquid being cleaned. 

The difficulties and conflicting requirements for removmg such small particulates 
centrilugally withm apparatus econonaioally, physically and fimctionaUy suited for a 
vehicle are set out in US -A-6O13700 and in WO-A-02/055207, the latler of which 
prt^oses.a number of embodiments for a so-called open vessel centrifugal separator 
rotor that permits not only a long d\yell time for oil m the rotor but also opei^ates wMh 
a low oil mass m the rotor that permits the separadon interfece to be flirther spaced 
form the rotation a>ds than previously and faster rotation speed to be achieved with 
fluid pressure as the motive force. Most significantly, it is capable of Iwing driven at 
the necessary speed by the oil to be cleaned, as weU as, or instead, by liquid or other 
fluid flram that or a separate source. Unlike the more tradiUonal type of cennifugal 



PIOI 999GB ^ 

separator, wherem a totor comprises a generally cyUndrical vessel which is fiUed with 
the liquid at elevated pressure by restricting the tale at which the liquid can escape, 
that is exemplified hy the US-A-6013700, the open vessel osnlriluge has a Uquid- 
fiUed separation aitd containment zone defined adjacent a circumfcrentiaUy outer waU 
and extending radially inwardly Iherefioro only as far as outlet passage means at 
which liquid can escape at a late in excess of supply, thereby creating a "shell" of 
liquid, instead of a container fijll. that pcnnits fester, less power consuming rotation. 

m one particular embodiment shown in WO 02/055207 that represeaits an 
arrangement suitable for use witii an automobile engine, the separation apparatus is 
mounted to provide a substantially vertical rotation axis for the rotor having such opeo 
vessel constructioD and the liquid to be cleaned is sprayed as a free jet towards inlet 
means, comprismg an annular inlet region extending along and around the rotation 
axis, separated from the vessel separation zone by a dividing wall having an upwardly 
(fivergent collection suifece rotating with the vessel, wbcieby the liquid impinging on 
the surfhce is caused by yAvst is conventionaUy called centrifugal action to collect and 
spread as a film and migrate longitudinally upwardly and radially ontwairdly. 
acquiring by ftictional drag a rotational velocity close 10, but less than, that of the 
vessel outer peripheral wall before being fieed to transfer firan the mlrt region to the 
separation and containment zone. Rolalional energy for the whole totor is derived by 
causing a jet of liquid or other fluid to impinge on reaction turbine vanes, buckets or 
like surfaMs which react to Uquid impmgemeat to drive the rotor, preferably using the 
liquid to be cleaned and directing the spent liquid onto the inlet means collection 
surface for conveying to the annular contaminant separation and containment zone 
defined by the outer peripheral wall of the container vessel as described above. 

Although open vessel centrifugal separation apparatus has a more general 
applicability than in relation to mtamal combustion engines of vehicles, deagn of a 
simple open vessel centrifuge for use with internal combustion engnies for 
automobiles, trucks and like mass produced transport veWdes is constrahied by a 
variety of factors, in particular the cost of manufecture. complexity, size and the like, 
which effectively limit the source of power and place practical limitations on 

« 
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achieving the higji rotational speeds leqiared, such tiiat it is important to ensure that 
motive power and energy put into rotating the rotor is used most efficiently and not 
wasted. 

It is an object of the present invention to provide liquid driven centrifligal separation 
apparatus, and open vessel rotor therefor, of greater efficiency than hitherto. 

According to a first aspect of the present invention a rotor for centrifagal separation 
apparatus, for separating solid contaminants from a liquid comprises a walled 
contaminant separation smd cQntainmcnt vessel having a longitodinaUy extending 
rotation axis, an impervious outer side wall extending about and along the rotation 
sxis spaced radially therefrom and at lc«t one end wail extending ftom liifi side wall 
towards the rotation axis, outlet passage means. leMing externally of the vessel, 
disposed radiaUy inwardly with respect to the outer side wail, said walls defining 
radially inwardly firom the outer side wall an anTiular contenunant sepaiatioix and 
contamment zone and the oudet passage means defining the r^idiai boundary of the 
zone, inlet means, ananged to receive liquid to be cleaned and convey it to the 
contaminant separation and containment zone at a rate less than Hquid can be passed 
by the outlet passage means, mountuag means for mounting the rotor for rotation of 
the vessel about the longitudinal rotation axis, and fluid motor inspello: means • 
disposed to receive a jet of drive fluid thereagainst and responsive to drive fluid 
iropingement to rotate the rotor about said longitudinal rotation axis, 
said inlet means further comprising a iiquid inlet region, defined about and along the 
rotation axis by a divida: waU disposed radiaHy between the outlet passage mean? and 
the rotation axis, having a Uquid inl^ en4 transfer passage means, spaced fiom tiie 
inlet end, permitting liquid flow between the hilet region and contaminant separation 
and containment zone, and a collection fecc of said divider wall facing inwardly 
towards the rotation axis, characterised in that the inlet means includes coUection 
impeller means comprising at least one collection impeller vane upstanding with 
respect to the divider' wall collection fecc into the inlet region and extending about the 
rotation axis and along the divider wall fiom said tolet eaid towards said transfer 
passage means along a helical path, to constrain the liquid to be cleaned mjected into 
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Uie inlet i^giott to follow a heUcal pafli in the direciion of rotation of the rotor inlet 
means towards the tccuisffet passage means. 

- Most convenienUy there are a plurality of collection hnpeller vanes constrakdag 
5 liquid to travel between thertt. 

The motor impeller means may comprises a plurality of helical motor iijipeller -vanes 
each having suifeces disposed at or adjacent the inlet end of the inlet means, each 
opstandmg with: respect to said dividing wall coilection fece. At least some of the 
1 0 * motor unpeller vanes may be arranged such that spent drive fluid deflected thereby is 
directed along the udel region. Such motor impeller vanes may be axiaUy disposed 
with lespecf to the collector impeller vanes such that their function are separated 
axially or Ihey may overlap axially. 

* 

r 

15 In a prererred form the collection impeller vanes comprises the fluid motor impeller 
vanes, so that the drive fluid, which may be the contaminated Uquid for cleanir^. is 
caused to impinge upon the impeUer vanes spread along the mlet region such that 
energy for rotation is transfeired to the rotor through a large part of its travels along 
the region, not just as a result of nnpact wdth a smaU area of vane near the inlet end. 
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AccoTdmg to a second aspect of the present invention a centrifugal se^^ration rotor 
comprising a waUed contaminant separation and containment vessel having a 
longitudmally exteadiiig rotation axis, an impervious outer side wall extending about 
and along the totaHon axis spaced radially thereftom and at least one end wall 
extending from the side wall towards the rotation axis, including outlet passage 
means, leading externally of the vessel, disposed radially inwardly wiih respect to the 
outer side wall, said walls defining radially mwardly fiom the outer side wall an 
annular contaminant separation and containment zone and the outlet passage means 
defining the radial boundary of tiie zone, inlet means, arranged to receive liquid to be 
cleaned and convey it to the contaminant separation and coMtainment zone, and fluid 
motor impellCT means to rotate the rotor about said longitudinal rotation axis, also has, 
between the outer peripheral wall and ihe outlet passage means of at least one end 
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wall, a discharged liquid guide extending longitudinaUy with respect to a said md 
wall operable to inhibit contact between liquid discharged firom the rotor vessel by 
way of the OTrtlet passage ineans and the external surface^ of the rotor vessel radially 
outwardly of the discharged liquid guide. 

The rotor may be like that of the preceding two paragraphs insofar as the inlet means 
airther comprises a liquid inlet region, defined about and along flie rotation axis by a 
divider wdl disposed radially between the outlet passage means and the rotation axis, 
and coUection impeller means. The disdiarged liquid guide may comprise a tubular 
skirt or equivalent surrounding the rotation axis and an annular form of passageway 
formed by one or more apertures through the end wall, or may comprise one or more 
tubular ducts each associated with an end wall aperture and ^tending away from the 
wall parallel to and or inclined vnth respect to the rotation axis. 

In accordance with a tiurd aspect of the present invention centrifugal se^jaiation 
apparatos comprises a rotor having a liquid separation and containment vessel, a 
housing including mounting means to support said rotor for rotation about a rotation 
axis, drainage meafts to direct liquid exiting the vessel away from the rotor, fluid 
motor turbine tnearks including drive flwid nozzle means operable to direct a stream of . 
drive fluid to motor impeller vanes of the rotor, and vessel supply means operable to 
dii^t liquid to be cleaned to the rotor ve$sel, and is characterised by the rotor 
comprising a r«OT as defined by any one of the preceding six paragraphs and the 
rotor vessel supply means comprising liquid nozzle means operable to direct a jet of 
s^id Hquid to the inlet end of the rotor mlet means. 

« 

Preferably the appar^itu$ is arrange to operate with the rotation axis substantially 
vertical such that the liquid is arrange to move through he inlet region subjected 
uniformly at all positions about ttxe rotation axis to a relatively strong centrifugal force 
towards the wall surface a relatively weak gravitational force.. Because the 
gravitationii force is so weak in relation to the centrifugal force, to orientation of the 
inlet and transfer passage ends pf the inlet means may be inverted, . 
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Embodiments of the invention will now be described by way of example with 
reference to the accompanying drawings, in. which: 

Figure I is- a sectional elevation through a first embodiment of centrifugal separation 
af^aiatus in accordance with the invention, including a rotor for receiving 
contaminated liquid to be cleaned and providing for separation and containment of 
contaminants, fliiid motor drive means for ihe rotor provided by the source of the 
isomarmnated liquid, rotor Uquid inlet means rn the form of an aranilar inlet region 
ftfovided by a surrounding annular divider wall and collection impeller vanes, the 
collection impeller vanes also providing fluid motor impeller vanes for rotation. 




Figure 2 is a cross-section through the inlet means of Figure 1 in l3ie direction 2-2, 
illustrating die collection impeller vanes aixayed around the rotation axis, 

15 Figure 3 is. an alternative cut-away perspective view of the separation apparatus rotor 
mounted and upstanding spindle of Figure 1. showing the path taken by contaminated 
liquid through the rotor and, in the end wall forming its base different forms of 
optional discharged liquid guide, 

• ■ 

20 Figures 4(a) to 4(c) are schematic section elevations througji component parts of the 
rotor of Figure 1 in exploded, pre-assembled relationship flhistrating hs construction. 



Figure 5 is a partly cut-away perspectiYe view of the rotor upper part of Figure 4(c), 
showing details of Ihe collection impeller vanes thereof moulded integrally with a 
25 sleeve fbrming the inner waU of the inlet region. 

Figure. 6 shows in schematic seciionai elevation part of a second embodiment of 
' separation appfliatus similar to that of Figure I with only the lower part of the rotor 
shown and illustrating tiie provision of separate collection impeUer vanes and motor 
30 impeller vanes. 

Figure 7 is a portion of an altca-native rotor form, generally similar to that of Figure 3 
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bvit sbowing different forms of discharged liquid guide, and 

Figure S is a portion of a further rotor form similar to that of Figuie^? but showing a 
yet diiTerent fonn of discha^d liquid guide. 

5 

Referring to Fluxes 1 to 3, a first embodiment of eeAtrifiigal separator 1 10 comprises 
a housing 1 12 defined by a b&se 1 14, adapted to be affixed to the engine block of an 
internal combustion engine (not shown), and a removable cover 116. The base 
includes inkt duct means US,' by which contaminated lubricating oil is supplied at 
10 elevated pressure and comprises a liquid to be cleaned, and outlet duct means 120 for 
drainage of liquid from the housing to the cnguic sump. 

A spindle or axle 122, having longitodinal axis 124. is supported at one end thereof 
122i by the base and extends through the housing and engages at its other end 1222 
15 with the cover 116. The separator is designed to be mounted with the axis 1^4 
substantially vertical. Although this is not essential for the purposes of operation, it is 
preferred in practice- 
Mounted on the spindle for rotation about the axis 124 within the housing is a lotor 
20 ■ 130, comprising a walled contaminant separation and containment vessel 132 
• (hereafter referred as **thc Vessel") which has an impervious, radially outer side wall 
134, extending about, and lengOiways of. rotation axis 124 between end walls 136 and 
• 138, and a radially inner side wall defined by a tubular sleeve 139. Radially inwardly 
fiom the side wall 134 is an annular contaminant separation and containment ssone 140 
25 Oiereafter referred to as "the zone"), the radiaUy inner boundary of the zone, as 
denoted by the broken line 141, being dcsfined by the position of outlet passage means 
142 in the end waU 138 which leads externally of the vessel withhx the housing. The 
outlet passage means 142 comprises one or more apertures 143 in the end walllSS, 
shown in the form of circranfeientially extending slots, and the end wall 138 is 
connected to inlet means, indicated generally at 150 and described hereinafter, which 
is arranged to convey contaminated Uqnid ftom radiaUy mv«adly thereof to the zone 
140. The oudet passage means 142 is preferably fanned, as shown, in the end wall 
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tiiat forms the hase of the vessel, but need not be, Furtfaamore, the oullel passage 
means may ahOTxatively defined by an annular gap representing a radial space 

» 

betvtreen tlie end wall and the inlet means. 




5 The rotor 130 also comprises a hub l44 by which it is moynted with respect to the 
spindle 122. The hub 144 surrounds the spindle and is mounted by axially spaced 
needle lollfif bearings 146i. 14fe. or equivalent low fiiction bearings, and held captive 
by a nut 148 or analogous retaining dip or device- The mner wall sleeve 139 of the 
vessel surrounds the hub to effect mounting of the vessel for rotation with the hub. 

10 

The inlet means 150 comprises a liquid inlet region 151 defined about and along the 
rotation axis "by a divider waU 152, also extending around and lengthways of the 
rotation axis 124, disposed radially between the coaxial sleeve and hub combination 
and Ihe zone 140. The divider wall 152 is thus mounted in fixed relationship to the 
15 bub and fee vessel walls for rotation therewith. The liquid inlet rei^on has a liquid 
inlet end, indicated gmecaliy at 154, separated axially from transfer passage means, 
indicated generally at 156, that pentnits liquid flow between, the inlet legion and the 
zone 140. 

20 The divider wall 1 52 is tapered, increasing in radius as a fimcti(*n of distance ficdm its 
lower end 152i, at die liquid inlet end 154 to its upper end 1522, which is spaced 
axially from the vessel end wail 136. so as to provide the transfer passage means of 
substantially unobstructed annular fonn. Thus, the divider wall at the transfer passage 
end has a greater radius^ and is closer to the vessel side wall 134, than at the iiilet end, 

25 

The inlet means 150 forther conqprises collection means* indicated generally at 161 , 
defined in part by a collection face 162 of the divider wall feeing mwardly towards the 
rotation axis. The coUection means functions to contain liquid mjected hito the liquid 
entry end of region 151 and. convey it towards the transfer passage means, using any 
30 momentum of the hijected liquid and rotation of Ae collection face. 

ft 

The coniaimnated liquid tp be cleaned is in principle injected into the inlet end of the 
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inlet means as a firee jet from nozzles I64i 1642 etc to make contact with, and be 
commned by the rotating collection fece of the divider wall until conveyed to ihe 
transfer passage nteans. 

5 To effect such rotation, the separation apparatus 110 includes fluid motor means, 
indicated generally at 170. The rotor comprises a plurality of motor impeller vanes 
172 1, 1722, 172i» where i=ll m this e3£ample. arrayed about the rotation axis, each 
vane extending from at least one of , the divider wall and sleeve toivards the other 
across ibe mdulih of the inlet region and for at least a shott distance in the direction of 

10 the rotation axis, in order to receive a ftee jet of drive fltdd thereagainst from one ox 
more compiementaiy nozzles carried by the base, whereby the vanes, in Teacdon to 
drive fluid impingement, impart rotation of the rotor as the fluid is deflected thereby, 
spent of some of its energy. 

■ 

■ 

15 For convenience rather than necessity, in this embodiment the drive fluid is the 
contaminated liquid (oil) to be cleaned and the no2zIe$ 164i, 1642 direct the 
pressurised contaminated liquid onto the impeller vanes t72i etc. which are 
dimensioned and shs^ped to deflect the liquid, tetainmg some of its energy and 
momentum fixan the free jet mto the inlet region, so that it is able to make contact 

20 with the collection fece of the divider wall. 1 



25 



Insofar as the motor impeller vanes are disposed at or adgacent the inlet end 1 52 of the 
inlei region dimensioned and shaped to deflect the liquid from the fiee jet, along the 
inlet region so that it h able to make contact with the collection face of the divider 
wall, the above described component parts of the separation apparatus and rotpr 
conform to the dtscloaure of the above mentioned WO 02/055207. 



' However, wiiCTeas in that arrangement each liquid jet was concentrated to impinge 
upon a relatively small area of impeller vane at the inlet end of the inlet region and 
30 splash or deflect liquid considered spent of useful energy onto the collection face 152 
alone, in accordance with the iw^ent invention the inlet means 150 includes 
collecticm impeller means, indicated generally at ISO, 
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As seen more clearly in Figures 2 and 3, ihe collecdoa impeller means comprises a 
pluraUiy of coUection impeller vanes 182i to 182i (where i= 11) each iqjstanding 
with respect to Ihe divider wall collection face 162 into the inlet region 151 and 
extending around the rotation axis and along ihe divider waU firom the inlet end 
towafds the transfer ptesage means along a helical at screw path. 

m this embodiment each of the eight coUeotion knpeller vane? coitvenieaitly. but not 
necessarily, ectends beyond the end 152z of the divider wall and follows a helical path 
that has a pitch angle with respect to the rotation axis of less than about 60* and ftir 
reasons which will become clear a pitch angle of 45' ± 10' is preferred. The number 
of complete turns made by each of the vanes about "the longitudinal (rotation) axis is 
dependant of course on The length of the vessel but typioaUy is less than two turns. 
Each coEection impeUcr vane, such as say 182u also has a primary face 182iP facing 
(albeit obUqwly) in a direction towards the transfer passage means ami a scwmdaiy 
face 182|5 facing generally away from the transfer passage means in the direction of 
the inlet end. The vanes each extend substantially perpendicularly wilh respect to the 
r-oii^-rrrimi feusft. tfafli Ifl. radially, and are substantially equaUy spaced. 



20 The collection impeller means 180 may be atnicturaUy separate from the motor 
unpeller means 170 but in ihis etnbodunent, is integrated with, and considered in part 
to function as, a <fistrtbtit©d motor impeller means. For this reason it is appropriate to 
refer to the dull function impeller vanes sunply as "impeller vanes". 

25 Thus, in this embodmaent. although others will be described hereinafter, such 
integration of impeller vanes means tiiat not only are tiiere the same number of 
collection impeller vanes as rotor impeller vanes and these are fimctionally aUgned. 
but the motor hnpeller vanes are inherently upatandmg witix respect to the divider waU 
collection face 162 and have, for their functional length, tiw same helical pitch and tiie 

30 same primary and secondary faces as the collection impeller vanes. 

Nozzle I64i and any otiiers are arranged to dkect the firee jets of contaminated liquid 



4'.. 



4 



15-MPIY-2003 14555 . FROM- Ha= flRNQ-CfcblbK 




P10I993GB 



II 



at a position periodicaUy occupied by the primary face of each impeller vane and 
cause the jet of liqmd to impinge oa the vane at a shallow or glandng angle such that 

• • h 

impingement, which exerts a motive force on the vane, is distributed not only spatially 
along the vane but also temporally as the vane rotates, the Uqiiid being contained in 
3 the inlet region by the collection fece and vanes and thereby constrained to follow a 
helical path in the direction of rotation of the totor. gradually exchanging the energy 
brought with it and retained thereby after movement out of the path of the nozzle jet 
by, imparting a rotation force by way of the prbnaiy fece of the impeUer vanes. Such 
continual exchange of energy enables more to be extracted from the liquid and a 
10 greatd- rotation speed to be achieved without compromising on the injection of 
coniaminaled liquid into the inlet region (as compared with a limited exchange 
possible and wastage from a simple impulse turbine and limited liquid injection fiom 
one as efBcient as a Pclton wheel bucket anangement). However, it is not only the 
rotation speed of the rotor per se wHch is of importance; the Uquid conveyed along 
15 the inlet region, whilst losing its "brought" energy to the impeller vanes in their motor 
fimction. also acquires rotational energy irom being forced against the coUection fifice 
162 of increasing radius and prevented fiom slippage relative thereto by the arrayed 
upstanding impeller vane? in their collection. The instantaneous Hnear speed of the 
Uquid. tangentially to the rotation direction, as the liquid moves towards the transfer 
20 passage means increases such that when it leaves the inlet means and is flung to the 
side wall 134 of the separation and containment zone, there is less speed differential 
than might otherwise be the case, ensuring that the liquid mimmises disturbance of 
conditions in the zone 140 and contaminant separation conditions are achieved for' 
that liquid more quickly. 

25 

Although functional interaction between liquid within the inlet tegion and the impeller 
■ vane occurs principally in the vidmly of the collection fece of the divider wall rather 
than the tubular sleeve 139 at the hub, it is convenient to defme substantially closed 
coUection ducts oiroumferentially between adjacent vanes, subject to the constraints of 
30 economic manu&ctore. 
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vessel, hub and spindle arrangprnent of Figure 1 prior to assembly to lllustiate a 
preferred manufacture. The rotor 130 comprises three components which are 
principally unitary mouldings of plasties material or materials- For the purpose of 



■1 




III 





5 thaeof and providing a suitable combination of strength and lightness, a glass loaded 
nylon material may "be employed Figure 4(a) shows a tubular hub moulding 144 mth 
mounting bearings 146i and 1462 ^ arranged to be scoured with respect to solid axle 
122 (shown ^oirted) extending upwardly from the base of the separation apparatus 

m 

housing- The hub is intended to remain in place on the axle once fitted and the outer 
10 surface 1 44' of the hub is ribbed or splined along at least part of its length. 

The rotor vessel 132 is formed in two parts as shown in Figure 4(b) and 4(c), a lower 
part 132u in Figure 4(b) and uppca: part 152u in Figure 4(c). The iqiper part is a 
unitary mo^M^ng of plastics material, comprismg part of outer side wall 134, the 

15 upper end wall 136, the inner side wall/tubular sleeve 139 and, exlendii^ outwardly 
from the sleeve, the impeUer vanes 182i to lS2ii . The inner surface 139* of the 
tubular sleeve 139 is dimensioned and recessed or splined in a manner to cooperate 
with the external surfeoe 144' of the hub, fecilitating relative displacement 
longitudinally for assembly or disassembly but nol rotaiionally. It will be seen that in 

20 addition to the impeller vanes tapering to decreased width and distance from the 
tubular sleeve as a function of distance from the end wall 136, the side wall 134 also 
displays a slight taper, fecilitating moulding. Figure 5 provides a perspective view of 
this v?>per part, more clearly showuig the sh^ and disposition of the impeller vanes. 

23 F^e 4(b) shows as a corresponding unitary moulding flie lower part of the vessel 
132u comprising the remainder of outer side wall 134, lower «nd wall 138 with outlet 
passage slots 143, and divider wall 152. Both the divider wall and side wall taper to 
increasing radius as a function of distance from the end wall. 

30 It will be seen that the vessel is readily formed by assembling the upper and lower 
parts tc^ether and joining the outer walls. Such a^embly includes locating the inner 
wall/sleeve 139 and impeUer vanes within the divider waH 152, thereby defining the 
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■ inlet means 150 and the separation and containment zone 140. The parts may be 
joined permanently* dejSning a sealed vessel which 13 discarded and replaced when the 
separation and containment aionc becomes fuH co ntam i nant s, or may be separable to 
permit cleaning and reuse. In dthcr case, the Intact vwsel i« releasabiy mounted on 
5 die hub. It is particularly advantageous that die vessel mounting bearings are catrisd 
by, and Tcmain in, the hob, making the vessel itself more readily discardable insofar 
as, subject to conteminants removal, die vessel comprises only recyclable plastics 
(and possibly inert filler) raateriaL 

■ 

■ 

10 Notwithstanding that the divider wall and knpeller vanes are foimed ia diffeiCTt psirts 
prior to assembly, these parts may be moxdded with suflRcient precision by 
conveational moulding techniques that the vanes abut the collection face of the wall 
and effect a close, upstanding rdaJionship therewith. 



15 



20 



25 



30 



It will be appreciated that other constructions may be made as desired. For example|, 
the outer wall 1 S4 may be formed on the upper or lower part only and j oined with the 
end wsdl of the other p^ to define the vessel. The impeller vanss may be moulded 
integrally with the divider wall of the lower moulding of Figure 4(b) leaving a tubular 
space for recdvii^ the tubular sleeve 139 of the upper part during assembly. Such 
space may be made to have uniform diameter by mcreasing the vane width towards 
the Upper end, that is, correspond to Figure 1, or the vanes may be of uniform width 
so as to have edges which lie parallel to the divider wall spaced from the sleeve 139 
towards the transfer passage end whereby a region surrounding th© inner wall 139 is 
open cicumferentially. Altexnalively, the tubular body, divider wall and impeUer 
vanes may be made as a unitary moulding and the upper and lower vessel wall parts 
assembled aroutxd it. Notwithstanding the width of each vane and its relationship with • 
the divider wall surface 162 and inner wall 139, and its pitch angle longitudinally, it 
may extend with respect to the walls other than petpendicularly, that is radially^ behag 
inclined to the radial direction* 

To provide for ready location of the vessel on the hub 144 and compatible with the 
moulded parts construction the end of the hub is provided with a detent groove 1S5 
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and cbamfered suifeces in the groove and to one ado of the groove at 186 and 187 
reqjectively. The inner tubular wall 139 of the vessel has towards its upper end a 
plmaiity of resilient trrtgets ISS around the longitudinal axis and biased towards it 
such that in locating tbe tubular waU on the hub the fmger tips are forced ^jart hy ae 

S hub surfeces 186 and 187 and locate m the detent groove to secure the vessel with 
respect to the hub. Removal of the vessel from the hub requires only that the fingers 
be displaced and/or longitudinal force be applied to cause the detent groove surfece 
187 to act as a cam. and effect the separation that pemiits removal. If dcro-ed, 
inadvertent removal could be prevented by surrounding the arranged fingers with a 

10 ring, possibly carried by the housing cover 116. 

Whilst there are manufacturing conveniences and preferences for forming the notor, 
and particularly the vessel, parts fiom plastics materials, it wiU be j^preciated that 
some or all of the parte may be formed of other materials, particularly sheet metal. 



15 



Although the mvenlion has been described by way of an embodiment in which the 
inlet means has a divider wall collection face tapering Imearly with increasing radius 
towards the transfer passage means in order to maxhnise the linear speed of the liquid 
before transfer, it will be appreciated that the divider wall collection fece tap» may 
20 be other than linear aloflg the mlet region and that advantages due to ths extensive 
heUcal impeller vanes may be obtained having a divider wall that does not diverge at 
aU, the inlet region maintaming substantially uniform diameter between inlet end and 
transfer passage means. 

25 Tt will also be understood fliat the transfer passage means may comprise other than the 
viqpper edge or lim of the divider wall. Allhough providing for maximum 
circumferential transfer, the passage means may alternatively comprise discrete 

« 

apertures through the divider wall at locations along the length of the inlet region as 
described in the aforementioned WO 02/055702. 



30 



It will be appreciated that insofar as the knpeller vanes serve to extract energy from 
the incoming Uquid to benefit relation and to impart to die liquid at the coUection face 
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an increased linear speed as it ^roaches the transfer passage means, the vane 
■ configurations may vary along the length of the inlet region to optimise each function. 

The pitch angle of each vane xxmy vary along the length of the mlet means, for 
S example reducing as a function of disbince from the inlet and, possibly continuously 
or in steps in different longitudinal regions. 

In this context the number of vanes associated with the dual function or individual 
functions may vary fbom the exemplary eight shown- 

10 

Although it is convenient for the impeller vanes to extend for at least the full length of 
the inlet region, it willbe appreciated that the vanes may stop short of the transfer 
pass^e means and/or dijBBerent sets of impeller vanes extend along different parts of 
the inlet passage; within the context of the vanes having a dual role it will be 
15 tqppreciated that the contribution of each vane to that role varies as a function of 
distance along the inlet region. Therefore if the ostensibly dual role impeller vanes are 
provided by different sets axially such sets may also be offset ciicuroferentially, have 
different numbefs of vanes and pitch angles in terms of incUnation with respect to ihe 
rotation axis and may each be adapted to performing om of the motor and collection 
20 funciidns in preference to the othen For example, towards the transfer passage means 
where vane function principally aimed at encouraging rotation of the Uquid at the 
collectioii face, and extraction of motive force from the liquid is small, the impeller 
vanes may be inclined differently from to tho^e nearer the inlet end so as to more 
positively pump the liquid towards the pa53age means, in edafect comprise dedicated 
25 collection imjpeller vanes. 

Whereas the mvenlion has thus fer been described having impeller vanes performing 
dual roles of providing rotation force from the ii^ected contaminated Uquid and 
collecting and impelling the injected liquid towards the transfer passage means, such 
30 jfimctions may be separated or one of them provided additionally by specifically 
configured impeller vanes or then: equivalent. This ia particularly true in respect of 
providing separate or additional rptor impeller vanes. . 
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Referring to Figure 6 this shows scnnewfaat schematically a sectional elevation 
through the base ot, and mjouirted rotor of. 4 seTOnd embodiment of centrifugal 
separation arrangement 210. 

Rotor 230 is substantially as the rotor 1 10 described above with the exception of the 
provision of a set of additional motor impeller vanes 272i - 272i , where i U or 
some other integer. The rotor oomiwises also the above described outer and iiaiet 
vessel walls 134, 139 and 138, divider waU 152 of inlet region 351 and dual xole 
collection and motor impeller vanes 182i . . . 1 82t. 

The additional motor impeller vanes may differ in number and cdrcumferential 
position from the dual-role vanes. As shown, they are arranged to receive a free jet of 
drive fluid 263 (which may be any gas or liquid, including the contaminated liquid) 
supplied by one or more nozzles 264i etc in the base and deflect the spent flwid away 
fiom the inlet region, such that Uxe fluid is used only to rotate the rotor. A separate 
nozzle I64i (or noazlea) directs contaminated liquid for cleaning into the inlet end of • 
the inlet r^on 151 as a free jet. Such contammated liquid may interact with the 
helical collection impeller vanes as described above such that the liquid imparts 
rotational driving force to the vanes and the vanes coostrain the liquid to rotate witii 
the divider wall collection surfiice and convey it to tiie transfer passage means. 

Such dedicated additional rotor impeller vanes may take any suitable. shape and 
disposition, including the bucket form comprisuig the knovra Pelton wheel. Although 
it is convenient to situate such additional rotor impeller vanes adjacent the inlet end of 
the mlet means, tiiis is not essential and they may be disposed at any part of the rotor. 

m 

As a variant on the second embodiment (not shown), instead of the liquid being 

» 

injected into the inl^ region so as to contribute to the motive pov^rer for rotation, 
whilst being "coUeoted". the direction of the liquid jet ftom the nozsde 164, and/or the 
collection hnpeller vanes 1 82j may be such that the injected liquid contributes nothirtg 
to effecting rotor rotation but to a greater or leaser extent extracts energy from tiie 
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rotating mlel means wfaich sexves to pump the liquid towards the traosfer passage 
means with maximum rotational speed, the motive power for rotation beii^ derived 
only from the separate drive fluid impingfng xipon the separate motor impello: v^es, 

5 It will be understood that alQioagh in the exemplary embodiment of Figure 6 the 
discrete addiiicmal motor (or sole motor) impeller vanes have been shown with the 
vanes arranged to direct spent drive fluid away from the inlet region to demonstrate 
strongly the possible distinction between fluid drive and contaminated liquid 
collection, such motor impeller vanes may be arranged to direct spent fluid towards 

IQ the inlet region to be entrained .with the primaiy source of injected contaminated 
liquid. 

Where the collection impeller vanes perform the collection role separately from the 
motor function ihe collector impeller means may comprise a single collection impeller 

15 vane which serves to guide the liquid witii respect to the divider wall surface to 
prevent uninhibited slippage relative tiiereto in the circumferentiai direction; svich isn 
arrangement may be considered the equivalent of a pair of such vanes separated by 
360 around the rotation axis. However, for the purpose of balanced operation il is 
preferred to have a plurality of such collection hnpeller vanes arrayed around the 

20 rotation axis. 

" hi yet an alternative embodhnent of separation apparatus{not shown), which uses the 
rotor 130 of Figure 1, tiie base may be arranged to direct a free jet of contaminated 
liquid injected into die mlet means thereof as described but also direct a free jet of 
25 gaseous drive fluid along a similar hajectory (preferably displaced circumferentially 
around the axis) so as to contribute to the motive power and pass through the inlet 
means and the separation and containment vessel wifh^ but separately from,, the 

* 

contaminated liquid. 

30 In the above described embodiments the rotation axis 124 is defined extending 
substcmtially vertically for various reasons, many of which have been established 
through many years of practice with traditional fiUed-vessel centriftigal separators. 
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such as ease of access in relation to an engiae to which fitted, aad insofar as flie rotor 
is alternately iotate<J and stopped with the engine throughout its operating life it 
encouiagcs th.e separated contaminants to stay uniformly distributed about the rotor 
axis rather than shamping to one side thereof when the rotor is at rest, thereby 
5 preserving a better balance when rotation is resumed. However, in principle there is 
no functional reason for the seperation apparatus and its lotor not to have a rotator 
axis other than vertical. 

The above disclosed embodiments not only adopt the traditional vertically extending 
io rotation axis but also a housing 112 whereas the liquid to be cleaned is fed to the rotor 
from below and drained after disdiarge by gravity, wifh the cover 1 ] 6 being fitted and 

m 

removed from above. It will be appredaied that the arrangement of Figure 1 may be 
substantially inverted with veay few modifications to function in a substantially 
Identical manner. Such an arrangement would pnjvide access to the cover and rotor 

1 5 from below the s«^»aration apparatus for filling and maintenance with tlie provision of 
a drainage duct corresponding to 120. in the cover. It may also be desirable to 
provide discharge passage means 142 m, or also in, the wall 136 to prevent the vessel 
from becoming filled with liquid when not rotating at operating speed; insofer as the 
transfer passage means 156 is adjacent the end wall 136 it is prefeired that the outlet 

20 passages 143 in end waU 138 function as the normal outlet passage means with such 
passages in waU 136 dedicated to preventing such unwanted filling of the vessel. 

Fxirthennore, the s^aration apparatus has been described with aa embodi'ment 
wherein a fixed axle 122 supports the cover 116 and the rotor 130 mounted for 
25 rotation by hub 144. Tt will be understood that if desired, instead of a fixed axle 122 
the hub 144 may be fcnned with longitudinally projecting stubs which locate in 
bearing sockets within the housing and caver whereby the rotor cames its own axle. 




As described above the rotor separation and containment vessel 132 has its lower end 
30 wall 138, through which Ihe onter pass^e means is fonned, extending substantially in 
^ plane that is perpendicular to the rotation axis; it will be appreciated that within the 
constraints of economical manufacture, that is moulding and/or pressing, the outer 
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peripheral side waU 134 may tenninate lower than the autiet passage means, which 
requires the end vi«ll to be inclined upwardly towards the outlet passage means, or 
terminaie higher than the outlet passage means and require the end wall to be inclined 
downwardly towards the outlet passage means. There may be perceived some 
disadvantage in these latter two alternatives^ in that the forces exerted on the outer 
side wall of the vessel by its contents during rotation may be more likely to cause 
flexing of an end wall that is not perpendicular to flie axis, and an end wall which 
slopes towards the outlet passage means may be considered least desirable in that it 
not only reduces the amount of containment volume within the rotor but also is more 
likely to permit s^arated contaminants to be canied fiom the zone 140 by exiting 
liquid and/or dislodged fay shock ibices. However, insofiaar as the imperative of this 
(or indeed any other) high speed centrifugal separation rotor driven at high speed by a 
firee jet fluid motor is to maximise the rotation from the limited motive power 
available, an important fector is to minimise ftictional or other analogous effects that 
detract from free rotation. It will be ^rprecialed that in a vessel such as that shown in 
Figure 1 the liquid discharged from the separation and containment vessel at the outlet 
passages 143 in end wall 138, and when freed from the rotational constraints of the 

■ 

vessel continues linearly within the housing until it strikes fee cover or other housing 
structure; looked at in relation to the rotating end wall» the discharged liquid tends to 
move in an outwardly sspiraling arc towards and beyond the side wall. Insofar as the 
liquid spills from the outlet passage, naeans, as a result of overflowing rather than 
being forcibly ejected at elevated pressure, there exists a possibility of the liquid 
attaching itself to the end wall and flow thereacross before detadma.cnt, and/or 
splashing from the housing in line with the end wall back onto the vessel, and in either 
case creates a drag on rotation until finally dislodged so that discharged liquid is 
potentially a source of rotation imp^ddnce. 



Referring again to Figure 3, in accordance with ttie inventive aim of achieving 
maximum rotation for the separation zone, there is provided between the outer 
30 peripheral wall 134 and the outlet passage means fn the end wall 138 a discharged 
liquid guide 190 extending with respect to the end wall in the direction of the rotation 
axis. The guide is operable to inhibit contact between liquid discharged from the 
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outlet passage means and the extenwl suifece of the vessel 132 radially outwardly of 
the guide. The guide is conveniently formed mtegrally with the end wall and in the 
foian of a tubular body coaxial with the rotation axis that extends around the outlet 
passage means, the slots 143, forming a circumferentially complete skirt- The mbular. 

5 skirt is conveniently of uniform diametex, extending longitudinally for such a distance 
that liquid flowing ovdwaidly frpm the lip or rim 1 91 thereof does not directly engage 
with the rotor vessel end wall nor inqiinge upon the housing at a position where it can 
splash against, and unpedes rotation of, the vessel. The discharged liquid guide need 
not be of uniform diameter along its length, although diis may be influenced by its 

10 manufectme. Furthennore, the guide may be disposed anyw4i«re between the outlet 
passage means and the outer peripheral side wall, althoui^i maximum benefit is to be 
expected by disposing it closer to tite outlet passage means, possibly aligned with and 
comprising an extension of the outlet pass^e means. Tb» discharged liquid guide 
may be formed other than integrally with the end wail and may, for example, 

15 cotaptise a discrete tubular guide body (not shown) that is secured to an end waU by 
adhesives or welding or such a body may be foimed widi axiaJIy extending, 
upstanding lugs that extend into the outlet passage means and locate it, possibly 
releasably, with respect to the end wall. 




20 RfifertiJ^ to Figure 7 this shows a portion of a separation rotor generally shnilar to 
Figure 3 but vi^erem the lower end wall 136 includes outlet pas»gB means 142 
diffef ing fiom die simple through apertures 143 that define a wen: over which excess 
liquid can flow to discharge. One or more of apertures 143' arranged about the 
rotation axis are each defined by a tubular discharge duct extending through and away 

25 ftom the wall whereby the discharged liquid is guided aw^ fit>m unwanted 
engagement with the rotor or houang wall. Such outl^ pass^ dischar^ ducts 
extend with longitudinally respect to the rotation axis 124 and are preferably inclined 
with respect to ti^e rotation axis itt a similar manner to the jet reaction no2zles of a 
conventional reaction driven centrifuge rotor, although of course the discharged liquid 

30 does not here provide a driving force, so that the liquid is discharged in a generally 
tangential or radially outward direction. 
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If desired there may be formed a combination of weir-typc outlet passage means as 
showa in Figures 1 to 6 and outlet passage ducts, which inherently fom discharged 
liquid guides, disposed close to the outer periph^al wall 134 whereBy some of tiie 
liquid held by the centrifugal force of rotation effectivcLy at elevated pressure is 
forced to leave the vessel by way of such duct forms of outlet passage means. 
Referring to Figure 8, the (lower) end wall -138 of this vessel may be provided as a 
double wall comprising an inner end wall 138i and an outer end wall 138o defining 
therebetween an annular cavity 1 92. • 



15 



10 The outlet passage means 142 is foraied by the aforemcntionfid series of slots 143 in 
the Inner e^id wall 138t and by an open annuJus 193 defined by a radially inner edge 
138*0 of the outer end wall 138o- Furthermore, the outer end wall carries at said inner 
edge an axially extending,. tubular skirt forming discharged liquid guide corrsponding 
to the guide 191 The. annular cavity includes a plurality of radially extending divider 
vanes and one of more outlet passage ducts 143" which extend through the outer end 
* wall and open on a direction opposite to fiie rotation. In operation, imh'ally at low 
speed the discharged liquid exits through the annular outlet passages 143 and annulus 
193; as speed increases the Kquid tends to flow across the inner end wall into the 
cavity where it accumulates and, in analogous manner to the zone 140 of the vessel* 
20 pressute gradually builds, foroii^ tiie liquid out by way of the closed ducts 143" and 
' in a dirticiicm that discharges it clear of outer aid wail of the vessel. If the flow of 
liqmd through the vessel (zone 140) increases and the cavity 192 fills, the anular 
passage 193 with surroxuuMng skirt provides also outlet passage and discharged liq^uid 
guide. The outer end wall and outlet passa^ ducts tiicrda may be a s^arate structure 
25 mounted with respect to an erstwhile single end wall 136 of the vessel (as shown in 
Figure 1). 

Although the embodiments shown and described have the oudat passage means in the 
lower end of the vessel, Oiis is not essential and such passage means may be fornied 
30 alternatively and/or ad<^tionally at the upper end of wall 136- In such event, such 
discharfied liquid guide means is of even greater value to co\jnter -flie effects of gravity 
driving the discharged liquid towards the rotor to impede its rotatioa 
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It wiU be appreciated that the discharged liquid guide fimctions independenUy of the 
stiactute of the inlet means, that is. irrespective of the presence or absence of helical 
collection impeller vanes and accordingly may be employed with open vessel 
ceinrifiigal rotors such as those described in the aforemeiilioiied WO 02/055207. 
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Claims 



1. A centrifugal separation rotor for centrifugal separation apparatus for separating 
5 solid contaminaxtts from a liquid, 
the rotor comprising 

a walled contarainant separation and containment vessel having a longitudinally 
extending rotation axis» an impravious outer side wall exisnding about and along 
the jfotation axis spaced radially therefirom and at least otie end waD extending fixm 
1 0 the sidje wall towards the rotation axis, 

outlet passage means, leading externally of die vessel, disposed radially inwardly 
with respect to the outer side wall, 

said walls defining radially inwardly from the outer side wall an araiaJat 
contaminant separation and contaimnent zone and the pntlet passage means 
IS defining the radial boundary of th.^ zOtie^ 

inlet means, arranged to receive liquid to be cleaned and convey it to the 
contaminant separation and coniaimnent zone at a rate less than liquid can be 
passed by the outlet passage means. 

mounting m^^ *^"^ for mounting the rotor for rotation of the vessel about the 

20 longitudinal rotation axis, and 

flmd motor impeller means disposed to receive a jet of drive fluid thereagainst and 
responsive to drive fluid impingemieait to rotate the rotor about said longitudinal 
rotation axis, 

said inlet nieans further comprising 
25 a liquid inlet region, defined about and along the rotation axis by a divider 

wall disposed radially between the outlet passage means and the rotation axis, 

having a liquid inlet end, 

transfer passage means, spaced from the inlet end, permitting liquid flow 

between &e inlet region and contaminant separation and containment zone, and 
30 a collection fece of said divider wall facing inwardly towards die rotation 

axis. 



characterised in that 
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the inlet mwns includes conoaian impellesr means comprising 
at least one coUection impellar vane each vane upstanding with respect to the 
divider waU collection fece into the inlet region and extending about the rotation 
axis and along the divider waU from said inlet ead towards said transfer passage 
5 means along a helical ps&. to constrain the hquid to be cleaned injected into the 
inlet region to foUow a helical path in the direction of rotation of the rotor inlet 
means towards the transfer parage means. 

■ 

2. A ceatrifugal separation rotor ^ claimed m claim 1 in which the fluid motor 
10 impeller means cotnprises a plurality of motor impeller vanes disposed at or 

adjacent the inlet end of the inlet means, each upstanding with respect to said 
dividing wall collection fece. 

3. A centrifugal separation rotor as claimed ha claim 2 in vMdi the motor impeUcr 
15 vanes extend about the rotation axis and along the divider wall fimn said inlet end 

towards said transfer passage in flie same dkectional sense as the collection 

impeller vanes. 

4. A centrifugal separation rotor as claimed in claim 3 in wUoh the motor impeller 
20 vanes each have a primary fece facing in a direction towards the transfer passage 

means and are arranged to receive drive fluid injected into the inlet region on said 
primary fee© and deflect spent fluid in a direction between said collection impeller 
vaA<^ towards the transfer passage means. 



25 



30 




5. A centrifugal separation rotor as claimed in claim 4 m which each of the ntoior 
impeller vanes is arranged to receive said drive fluid spread along the primary fece 

of the vane. 



A centrifixgal separation rotor as claim^ in clajm any one ot olauxis ^ to o m 
which the fluid motor impeller vanes are arranged to receive as drive fluid the 
liquid to be cleaned. 
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7. A centrifugal separation rotor ^ daimed in ckim 6 in which the flnid motor 
impcllef vanes compii&e collection impeHor vanes. 



10 
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8; A centrifugal separation rotor as claimed in claim 7 in whicH the primary lacc 01 
each impeller vane is of such helix pitch angle with respect to the rotation axis to 
be acted upon by a rotation force from liquid along Met region along 

substantially its whole length. 

9. A centrifugal separation xotor as daimed in any one df the preceding clmm in 
which the hdical pitch angle of each collection impeller vane is substantially 
unifoTxa along the inlet region. . 

10. A centrifugal separation rotor as daimed in any of the preceding claims in which 
the helix pitch angle of each collection impeller vane is less than 60^ along the 
inlet regioiL 

i 1 . A centrifugal separation rotor as claimed in aay of th6 preceding claims in vAich 
the helbc pitch angle of each collection impeller vane is in the range 35 to 55°. . 

12. A centrifiigai separation rotor as claimed in any of the preceding claims iti which 
the hslix pitch angle of each collection impeller vane is substantially, eqiwl to 45^. 

13. A centrifugal separation rotor claimed in any one of the preceding claims in 
which at least one colleclion impeller vane extends to or heyond said transfer 

passage means. 

4 

14. A centtifiigaJ separation rotor as claimed in any one of the preceding claims in 
which the divider wall increases ui distance firom the rotation axis aa a function of 
distance viotig the inlet region from the inlei end. 

15. A centri&gal separation rotor as claimed in claim 14 in which the radial 
divergence of divider v^aU colleclion' surface is substantially constant along its 

• • 4 * ■ 
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length. 

16- A centrifugal separation rotor as claimed iu any one of the preceding claims in 
which the transfer passage means is defined by an end of the divider wall. 

5 

17. A centriftigal separation rotor as claimed m any one of the preceding claims in 
which fliB inlet region has radially mward of tlie divider wall a boundary defiiKid 
by an innCT side wall of the vessel surrounding the rotation axis. 

10 18. A centrifugal separation rotor as claimed in claim 17 in which at least one 
collection impeller vane extends between said divider wall and ^d iimer side 
wall, defining at least one ciicumferentially closed collection duct. 

■ • 

19. A centrifugal separation rotor as claimed in claim 1 7 or claim 18 in which at least 
15 one collection impeller vane extends in a radial direction. 

20. A centrifugal separation rotor as claimed in any one of claims 17 to 19 in which at 
least one collection impeller vane is fiwined integrally with the dividing walL 

20 21. A centrifugal separation rotor as claimed in claim 20 in which at least one 
collection impeUer vane is fomed integrally with the rimer side wall of the vessel. 

22. A centrifugal separation rotor as claimed in claim 20 or claim 21 in which the or 
each collection impeller vane is moulded from plastics material. 

25 

23. A. centrifugal separation rotor as claimed in any one of the preceding claims in 
which th£{ rotor comprises an assembly of three integral mouldings of plastics 
Tnaterial, a first moulding comprising one end wall, the inner side wail and at least 
one collection impeller vane, a second moulding comprising an end waU and 

30 divider wall dimensioned to receive at least some of the impeller vanes in contact 
with The collection fecc thereof, at least one of said first and second mouldings 
including at least part of the outer side wall, and a third moulding comprising a 
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mounting hub dimensioned to receive the inner side waU tberearoimd . 



A ceniiifiigal separation rotor as claimed in any one of the preceding dawns 
having at least oi» end wall thereof, extending from fre outer peripheral waU 
towards the rotation axis, including ouUet passage means and, between the outer 
peripheral wall and the ovrtlet passage means of at least one end wall; 
& discharged liquid guide extending longitudinaUy with respect to a said wid waU 
operabk to inhibit contact between Uquid dischaxged from the rotor vessel by way 
of the outlet passage means and the external surfece of the rotor vessel radially 
outwardly of tibe discharged liquid guide. 



25. A centrifiigal sq»afation rotor for centrilUgal separation apparatus for separating 
solid contaminants from a liquid, 
the TOtor comprising .- • 

a walled contaminant separalion and contairanent vessel having a longitudmally 
extending rotation axis, an impervious outer side wall extending about and along 
the rotation axis ^aced radially therefrom and at least one end wall extending 
from the side wall towards the rotation axis, including outlet passage means, 
leading externally of the vessel, disposed radially inwardly with respect to the 
outer side wall, 

said walls defining radially inwardly from the outer side wall an annular 
contaminant sepsnration and containment zone and the outlet passage means 

4 

defining the radial boundary of tbe zone. 

inlet means, arranged lo receive liquid to be cleaned and convey it to the 
contamiiumt separation and con tainment zone, 

fluid motor impeller means to rotate the rotor about said longitudmal rotation axis, 
and 

characterised by a discharged liquid guide, extending longitudinally widi respect to 
a said end wall operable to inhibit contact between liquid discharged from Ihe 
rotor vessel by way of the oudet passage means and the external surface of the 
rotor vessel radially outwardly of the discharged liquid guide. 
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26. A r*^i^*i^ftig»l separation rotor as claimed in claim 24 or clidtn 25 in which the 
discharged liquid guide comprises a l»5t one discrete body attached to the end 
■wall of the vessel by way of the outlet j^sage means, 

m 

5 27. A cenfrifugal sepatation rotor as claimed in any one of claims 24 to 26 in which 
the discharged liquid guide extends around the outlet passage means as a 
circumferentially complete skirt. 

28- A centrifugal separation rotor as claimed in claim 27 in which the discharged 
10 liquid guide skirt is aligned with and comprises an extension of the outlet passage 

means. 

29. A centrifugal separation rotor as claimed in claim 24 or claim 25 in which the 
discharged liqwd guide comprises at least one tubular discharge duct extending 

15 through and leading away from Ihe end wall of the vesseL 

* 

30. A cenlriftigal separation rotor as claimed in claim 29 in wiiich at least one raid 
duct is also included with respect to the rotation axis so as to discharge liquid 
inclined thereto. 

20 

3 1. A centrifugal separaSon rotor as claimed in claim 30 in which the discharge duct 
is airanged to discharge liquid in a direction opposite to the direction of rotation 

thereof. 

25 32. A centrifugal separation rotor as claimed in any one of claims 24 to 3 1 in which 
the end wall of the vessel containijag the outlet passage means extends 
svibstantially in a plane perpcndieularly with respect to the longitudinal rotation 

axis. 

30 33. A centrifugjd separator comprising a housing mcluding mounting means to 
support a lotor inoluaing a liquid separation and containnient vessel for rotation 
abo\it a rotation axis, drainage means to direct liquid exiting the vessel away &om 
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the rotor, fiiud motor tiurbine me^^ns including drive fluid nozzle means. operable 
to direct a stream of drive fluid to motor impeller vanes, and vessel supply means 
operable to direct liquid to be cleaned to the rotor vessel, characterised in that the 
rotor c ompri ses a rotor as claimed in any one of the precedii^ claims and the 
5 vessel supply means comprises liquid nozzle means operable to direct a fiee jet of 
said liquid to the inlet end of tbe rnlet means. 

* 

34. A centrifugal separator as claimed in claim 33 in ^Inch the liquid nozzle means is 
atrsmged to direct said j&ee jet of liquid to the inlet end of the inlet means directly 

10 or indirectly incident upon the primary face of each said collection impeller vane 
such that the collection impeller vanes function also as motor impeller vanes 

3 5. A centrifugal separator as claimed in claim 34 in which the liquid nozzle means is 
arranged to direct said jet of liquid into the rotor inlet means such that its 
1 5 incidence with the primary face of each said collection iihpeller vane is distributed 
lengthways of that vane, 

36. A centrifugal separator as claimed in any one of claims 33 to 35 in which the 
mounting means is arranged to support the rotor for rotation about a substantially 

20 vertical rotation axis and the inlet end of the rotor inlet means is dbposed below 

the transfer passage means, 

« 

37. A centrifugal separator substantially as herein described with reference to any one 
of Figures 1 to 6, Figure 3 or Figure 7 of the accompanying^drawings. 

25 

35. A centrifugal separation rotor substantially as herein described with reference to 
the accompanying dravmgs. 





Abstract 

A centrifiigal sepaxalion rotor (130, Fig 1), for apparatus 110 that removed 
5 contaroinants from a pumped liquid swh as engine lubricant by rotating il about axis 
124 at high speed, comprises a sepatation and contaimnent vessel 132 having 
impervious side ^val) 134 spac^ from the rotation axis and at least one end wall 138 
open at 142 pennit liquid to leave the vessel as fast as it can enter, so that a zone 140 
is defined adjacent side wall 134 that holds a voltune of liquid much less than the 

10 whole volume encompassed by the vessel walls and filled in conventional high speed 
separators. Lower inertia and reduced pressure gradients in the liquid permits it to be 
spaced further from the axis than is oonvendona], with improved separation 
efficiency. Liquid is supplied to an inlet region 1-51 defined by a tapered divider wall 
152 surrounding, the axis, one smaller diametEr end 152 1 receiving liquid to be 

15 cleaned ai the other, larger diameter end 1522 forming one or more transfer passages 
156 from which the liquid is flung centrifugally to the separation zone 140. The 
divider wall surface 162 is interrupted by a set of upstanding vanes Ifilj whicb extend 
along it and around the axle as a helix of such pitch as to form both collector vanes to 
guide liquid ent^dng between the rotating vanes towards the transfer passage and 

20 motor vanes to receive one or more jets of liquid impinging thereon at a glancing 
angle to drive the rotor before being guided along the Inlet zone- 
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